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Abstract 
Bus rapid transit, with its unique features of high capacity, low cost and short implementation cycle, is preferable for big cities. 
The elevated bus rapid transit system becomes an efficient approach to solve the traffic congestion problem in urban area. 
Although several researches have been conducted on traffic capacity of elevated bus rapid transit system at present, they are 
lacking of the matching of all facilities. This paper, using matching method, focuses on three aspects of capacity problem, namely 
the berth, platform area and the fare gate. Based on the methods on traffic capacity of all facilities in previous researches, this 
paper puts forward the analysis of facility bottleneck of traffic capacity and the optimization method on capacity of the elevated 
bus rapid transit system. The case states the facility bottlenecks of traffic capacity analyzed by the approach are consistent with 
physical truth. 
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1. Introduction 
The limitation factor of the capacity of bus rapid transit (BRT) system is usually judged at station. With BRT 
becoming popular and the completion of Xiamen BRT, the first elevated bus rapid transit system in China, the 
design of station facility is increasingly highlighted. Due to the lack of platform area and the number of fare gates in 
peak hours, elevated BRT system in Xiamen provides poor service to passengers, e.g., the crowded platform, bad 
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service in boarding or/and alighting the bus, a long waiting time around fare gate area. It states that lots of factors 
should be considered in design stage. 
There are already several existing researches on this issue, but most of them focus on the capacity of single 
facility and matching method is seldom considered. However, due to the lack of finance and available space in 
China, more attention needs to be paid in matching method to find the practical facility bottleneck. 
The rest paper is organized as follows: firstly, previous research on facility capacity is reviewed, followed by a 
detailed explanation of the methodology, including the modeling of berth, platform area and the fare gate. Then, 
with data collected from practical cases and related research, matching method is used to find the practical facility 
bottleneck in elevated BRT system. Finally, main findings are summarized in the conclusion and discussion part. 
2. Literature review 
A large body of literature on facility capacity could be found, with different methodology and models as well as 
different cases. 
TCQSM (Transit capacity and Quality of Service Manual) (2003) stated that the key limitation on bus lane 
capacity was at stop. The capacity of the stop was subjected to the capacity and efficiency of the berth which was 
depending on the dwell time. Well, the parameters of the model showed in TCQSM were needed to redress in 
practical application. Chang and Xu (2004) showed a Brazilian empirical approach. The data of this approach was 
collected from BRT system in St. Paul, Brazil. So, the applicability of the empirical approach was limited. 
Fernandez (2001) put forward a simulated program named PASSION. The object of this study was the capacity at 
single berth stop. Different rules of bus stopping, passenger arriving and bus departing were simulated in this 
program. Although the research subject in PASSION model was at single berth stop, it laid a foundation for the 
multi-berth stop.  
Feng and Xu (2007) proposed a GI/G/1 queuing model for calculating the capacity of the berth. The paper also 
analyzed every factor dominating the capacity of BRT system deeply and evaluated the existing approaches judging 
by the applicability in China. Then, it appraised the facility bottleneck of BRT system in Beijing and Hangzhou. 
Zhang (2008) analyzed the capacity of bus lane in BRT system. This paper paid an attention to the process of bus 
braking with riding comfort and minimum headway considered as well. Wu and Yu (2008) set average running time 
as the key factor and analyzed the capacity of bus lane by theory and simulation models, involving level of service. 
From the research showed above, it is clear that different models have been comprehended and applied deeply 
and roundly in calculating the capacity of BRT system. However, the limitation factors from theory study to facility 
construction are countless in China. Obviously, the berth is the important one and platform area and the fare gate are 
also needed to be considered. What’s more, a better practical approach is urged to be proposed to judge which factor 
is the bottleneck in operation stage. 
3. Methodology 
This portion can be divided into three parts: berth, platform area and fare gate. 
3.1 berth 
Three different approaches for calculating the capacity of berth have been proposed in previous researches. (1) 
The empirical model—Brazilian empirical approach, which only concerns the passenger demand boarding the bus, 
while the influence of alighting on bus is ignored. (2) The simulation model—PASSION model. This model has a 
fatal flaw that the variation in dwell time is out of consideration. (3) Analytical model —American TCQSM model. 
Although this model has some shortages, e.g. the clear time is estimated and some parameters need to redress, it is 
widely used and suitable for many situations. So this paper would use the analytical model. 
3.2 fare gate 
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It is vital to confirm the type of fare gate as the capacity of fare gate strongly depends on it. Considering the 
existing types of fare gate in BRT system, especially the Xiamen elevated BRT system, the paper chooses turnstile 
and coin gate as research subjects. According to TCQSM, passengers’ average service time is 1.2s to 2.4s by coin 
gate. And Wu and Feng (2010) recommended passengers’ average service time was 2.3s by the turnstile basing on 
the survey in Shanghai metro system. The capacity can reach nearly 1550 persons per hour. 
3.3 platform area 
The existing approaches are immature for calculating platform area. The most typical one is presented by 
TCQSM. Actually, in the third step of this approach, the maximum number of passengers getting on the bus is 
usually estimated. It can’t be exact enough. The approach in this paper can be stated as follows: The platform area is 
calculated for the target that the elevated BRT system will operate well with every part. That is, In order that the 
bottleneck doesn’t emerge in platform, the area is calculated basing on the capacity of others’ facilities. In this paper, 
platform area is dominated by the capacity of berth. 
3.4 matching method  
Matching method is that different objects compare with each other, finding the most suitable one. In the paper, it 
analyzes whether the capacity of other facility can match with the target one that it is set to an actual condition or an 
assume condition. 
4. Analysis 
4.1 berth 
4.1.1 Single berth 
According to TCQSM, the capacity of single berth stop can be calculated as follows: 
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Where: 
lC  : the capacity of single berth 
g c  : traffic intension. With no signal control in the elevated BRT,  could be 1. 
ct  : clear time 
dt  :average dwell time 
omt  :operation missing time 
With existing study, ct  is floating between 9s to 20s. Some study recommends ct  could be 10s. In this paper, 10s 
and 20s are given to ct . 
dt is affected by the type of vehicle, the type of tickets, passenger demand and load factor.  i . Type of vehicle. 
The most popular types of vehicle in length are 12-meter and 18-meter with 75 and 150 in passenger capacity. Well, 
the number of gates in 12-meter and 18-meter bus is 2 and 3. ii. Type of tickets. The ticket is booked and checked 
out of the bus. iii. Load factor. Assumption that as buses arrive at stops, there are still several passengers standing on 
the bus. vi. Passenger demand. As Feng and Xu (2007) showed the number of passengers getting on and alighting 
the bus is 25 and 5 at the most crowded gate. 
om v dt c t Z u u . The coefficient of fluctuation at dwell time is usually between 0.4 and 0.8. Due to the lack of 
data, 0.6 is set to omt  in this paper. The value of Z  is highly correlated to the failure rate of arriving stops. In the 
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elevated BRT system, seldom factors can affect the bus when arriving stops. So, 1.440 is set to Z  in this paper and 
the failure rate of arriving stops is 7.5%. 
The capacity of the single berth is showed as follows: 
 
Table 1. The capacity of bus departure number in single berth 
Bus number             Type 
 
Clear time 
12m 18m 
10 seconds 37.5 47.8 
15 seconds 35.7 44.9 
 
         Table 2. The capacity of different types in single berth 
Capacity               Type 
 
Berth number 
12m 18m 
10 seconds 2813p/h 7170p/h 
15 seconds 2678p/h 6735p/h 
4.1.2 Multi-berth 
The converted coefficient of berth would be considered in calculating the capacity of multi-berth. For the lack of 
space resources, the type of inside road stop is adopted in elevated BRT system. So, the capacity of multi-berth is 
showed as follows: 
 
         Table 3. The capacity of different types in multi-berth 
          Capacity         Type 
  
Berth number 
12m 18m 
10s 15s 10s 15s 
1(1.00) 2813p/h 2678p/h 7170p/h 6735p/h 
2(1.75) 4923p/h 4687p/h 12548p/h 11786p/h 
3(2.45) 6892p/h 6561p/h 17567p/h 16501p/h 
4(2.62) 7370p/h 7016p/h 18785p/h 17646p/h 
5(2.75) 7735p/h 7365p/h 19718p/h 18522p/h 
4.2 fare gate 
The capacity of different types of fare gates is showed in 3.2. The number of fare gate is concerned from one to 
six. So, the capacity of fare gate is showed as follows: 
 
         Table 4. The capacity of different fare gates 
           Capacity         Type 
Number 
turnstile coin gate 
1 1550 p/h 1500--3000 p/h 
2 3100 p/h 3000--6000 p/h 
3 4650 p/h 4500--9000 p/h 
4 6200 p/h 6000--12000 p/h 
5 7750 p/h 7500--15000 p/h 
6 9300 p/h 9000--18000 p/h 
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Supposing that the number of passengers getting on the bus is 2500, 5000, 10000 and 15000, the number of fare 
gates can be calculated as follows: 
 
          Table 5. The number of fare gates needed for different passenger demand 
number of passengers 2500 5000 10000 15000 
number of turnstiles 1.67 3.23 6.45 9.68 
number of coin gates 0.83--1.67 1.67--3.33 3.33--6.67 6.67--13.3 
4.3 platform area 
Platform area consists of two parts, waiting area and walking area. Basing on TCQSM, the service level is shown 
below: 
 
          Table 6. Different service level for stand area 
service level stand area per capita (m2/person) average distance (m) 
C 0.7--0.9 0.9--1.1 
D 0.3--0.7 0.6--0.9 
E 0.2--0.3 <0.6 
 
Supposing that the number of berths is four and the length of the bus is 18m, the total length of four buses is 72 
meters and the length of platform could be 90 meters. The paper estimates the width of platform when the four 
empty buses arrive at the same time. 
Assumption 1: the number of passengers waiting on platform is the same with the capacity of four buses. That is 
600. And the paper chooses D as service level. So the waiting area of platform is: 600 0.5= 300m2 and the width of 
waiting area is 300/90=3.33m. 
To walking area, top half of passengers arriving at stop need not to use it. Well the back half needs it. The 
departure number of buses for 4 berths in an hour is: (44.9+47.8)/2=46.35. The time of four buses arriving at stop in 
one hour is: 46.35/4=11.59, choosing 12. And the number of passengers using the walking area in an hour is: 
600/2 12=3600. According to TCQSM, the capacity of walkway in an hour is 4440 persons per meter. So, the 
width of walking area is 0.81 meter. Moreover, the width of buffer zone on platform is one meter. 
Therefore, the total width of platform area is: 3.33+0.81+1=5.14m. 
Assumption 2: The difference with Assumption 1 is that the number of passengers waiting on platform is the 
same as the half capacity of 4 buses. That is 300. So, some important parameters can be computed as below: the 
width of waiting area is 300 0.5/90=1.67m. The width of walking area is 0.405 meter. What’s more, the width of 
buffer zone on platform is also one meter. 
Therefore, the total width of platform area is: 3.33+0.81+1=5.14m. 
Assumption 3: The difference with Assumption 1 is that the number of passengers waiting on platform is 
dominated by the capacity of berths. Meanwhile, the rule of bus arriving is uniform distribution. According to the 
Institute for Transportation & Development Policy (ITDP, www.chinabrt.org), it is clear that there exist a strong 
relationship between the capacity of berths and the maximum number of passengers getting on the bus in peak hour. 
As shown in 4.1.2, the capacity of four berths in single direction is 18785 persons in one hour. And the maximum 
number of passengers getting on the bus in peak hour would be nearly 5341.  
So, some important parameters can be computed as below: the width of waiting area is 112 0.5/90=0.62m. The 
width of walking area is 0.605 meter. What’s more, the width of buffer zone on platform is one meter. Therefore, 
the total width of platform area is: 0.62+0.605+1=2.225m. 
In conclusion, if the width of platform area is set to more than five meters, there exists a big waste in the present 
stage. If the width of platform area is set to more than 2 meters, the passenger demand can be met for the most part. 
But in peak hour, there will be a small scale of crowding. Moreover, in order to meet the practical passenger demand, 
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the width of three to four meters is recommended to side platform in one direction and six to eight meters to island 
platform. 
5. Discussion 
5.1 bottleneck 
Bottleneck 1: fare gate. When the number of passengers getting on bus is bigger than 10 thousand per hour, the 
number of fare gate needed in station is more than nine, considering the ratio of the number of passengers getting on 
and alighting the bus (Wu, 2008). ITDP shows the number of fare gate needed in Guangzhou and Bogota BRT 
system is more than eight. That is, the width of fare gate area needs more than 14 meters. As for the capacity of four 
berths, the width of fare gate area needs more than 10 meters. 
Well, to the elevated BRT system, the fare gate are usually set in feeder bridge which is between the platform and 
the ticket selling floor. The existing practical cases state the width of feeder bridge is decided by the width of 
platform and it is usually not wider than platform. So, the number of fare gates in feeder bridge is hard to exceed 
four. In summary, fare gate area is probably a bottleneck in peak hour in the elevated BRT system. 
Bottleneck 2: platform area. On the basis of berth capacity, the width of platform needs 5.14 meters versus to full 
load of buses, 3.075 to half load and 2.225 to maximum number of passengers getting on bus in an hour. So, the 
paper suggests three to four meters would be suitable for width. However, in order to increase the width of platform 
area in the elevated BRT system, a heavy investment is needed to invest and the number of lanes or the width of 
lanes will be cut down. So, practical width is usually narrower than theoretical value. In general, platform area is 
probably a bottleneck in peak hour in the elevated BRT system. 
Bottleneck 3: berth. In practice, the number of berths is usually less than 4 for the lack of resource. As the 
number is decreased to three or even two, the capacity in single direction is nearly 5000 persons in peak hour by 12-
meter bus. And the number of passengers getting on the bus is 1923. So, in that case, the number of fare gates 
needed in station is only two and the width of platform area is 2 meters. However, with such configuration, it is hard 
to fit the passenger demand in peak hour. To sum up, berth is probably a bottleneck in peak hour in the elevated 
BRT system. 
5.2 improvement measure 
Solving bottleneck 1. Measure 1: If the space is rich, it is pleasant to move fare gate area to ground and more 
fare gates could be set. Measure 2: Like subway, a station hall is considered to design in the elevated BRT system. 
Solving bottleneck 2: In order to provide enough platform area, it could be divided into two parts, shown in Fig 
1. It can also avoid the conflict caused by opposite direction passengers. 
 
 
Fig. 1. The approach to solve bottleneck 2 
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6. Case study 
Xiamen BRT system is the first elevated BRT system in China. The data is collected from survey and website. 
And the number of passengers in single direction is 8360 in peak hour. 
1. Berth 
The length of the platform is showed in Table 6.  
 
         Table 6. The length of platform in Xiamen BRT system 
type longest platform shortest platform 
length/m 68 40 
 
The number of berths is three or four to 12-meter bus and two or three to 18-meter bus. If the type of the bus is 
18-meter, the capacity of berths could cover the basic needs. And if the type of the bus is 12-meter, the capacity of 
berths fails to cover the needs. Well, in practice, these types are mixed used. So, the capacity provided by berths is 
nearly to 8360 persons per hour. And, berth is one of the bottlenecks of the Xiamen BRT system 
2. Fare gate 
The maximum number of passengers getting on the bus is nearly 2456 in peak hour. So, the number of fare gates 
needed in the station is two. To the large passenger stations, like Dongzhai stop, Yecuo stop, Jiageng indoor stadium 
stop and Xianhou stop, they contain more than three fare gates. And, fare gate area could not be a bottleneck of the 
Xiamen BRT system. 
3. platform area 
The result of assumption 1: the total width of platform area is 3.62 meters. The result of assumption 2: the total 
width of platform area is 2.31 meters. And, the width of platform area in the Xiamen BRT system is three meters 
including chairs. So, it is hard to satisfy the needs of passenger demand in peak hour. And, platform area is one of 
the bottlenecks of the Xiamen BRT system. 
In conclusion, berth and platform area are the bottlenecks and it matches the case of fact. 
7. Conclusion 
In this study, the capacity bottlenecks of the elevated BRT system are analyzed deeply. The key limitation factors 
of the capacity of the elevated BRT system are berth, fare gate and platform area. As the number of berths is two or 
three, the capacity of fare gates and platform is easy to meet the needs and the berth would be the capacity 
bottleneck of the elevated BRT system. As the number of berths reaches four, the fare gates needed should be more 
than four. It hard to provide enough space in feeder bridge and the fare gate would be the capacity bottleneck of the 
elevated BRT system. Due to the limitation of space resource and construction fund, the platform in practice could 
not be as big as theory. That would greatly cut down the capacity and the platform area would be the capacity 
bottleneck of the elevated BRT system. 
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